China is experiencing substantial land-use and land-cover change (LUCC), especially in coastal regions, and these changes have caused many ecological problems. This study selected a typical region of Jiangsu Province and completed a comprehensive and detailed spatial-temporal analysis regarding LUCC and the driving forces. The results show that the rate of land-use change has been accelerating, with land-use experiencing the most substantial changes from 2005 to 2010 for most land-use types and the period from 2010 to 2015 showing a reversed changing trend. Built-up land that occupies cropland was the main characteristic of land-use type change. Southern Jiangsu and the coastline region presented more obvious land-use changes. Social-economic development was the main factor driving increased built-up land expansion and cropland reduction. In addition, land-use policy can significantly affect land-use type changes. For land-cover changes, the normalized difference vegetation index (NDVI) for the land area without land-use type changes increased by 0.005 per year overall. Areas with increasing trends accounted for 82.43% of the total area. Both precipitation and temperature displayed more areas that were positively correlated with NDVI, especially for temperature. Temperature correlated more strongly with NDVI change than precipitation for most vegetation types. Our study can be used as a reference for land-use managers to ensure sustainable and ecological land-use and coastal management.
Introduction
Research on land-use and land-cover change (LUCC) is an important topic in the field of global environmental change [1] . LUCC causes a series of social and ecological problems, such as problems with food security [2] , carbon stock loss [3, 4] , hydrological processes [5] , and biodiversity loss [6] . To protect natural environments and allow for sustainable development, many studies have focused on analyzing the driving forces of LUCC [7] [8] [9] [10] [11] .
For land-use type changes, the driving forces are usually defined as population growth [12] , economical and industrial development [13, 14] , urbanization [15] , and climate change [16, 17] . Environmental and socioeconomic driving factors for a certain region always interact with each other and cause comprehensive effects on land-use type changes [18, 19] . For land-cover changes, the normalized difference vegetation index (NDVI) is a commonly used index to analyze the current state of vegetation growth. The data sources include Advanced Very High-Resolution Radiometry (AVHRR), MODIS, and Spot Vegetation (SPOT VGT) [20] . The driving forces of NDVI are usually affected by climate change indicators, such as temperature and precipitation [21] [22] [23] [24] . In addition, the results of relevant studies vary due to the complexities of the regions and vegetation characteristics [23, [25] [26] [27] . Most studies have focused on single ecosystems, such as forests [28] , grasslands [29, 30] , croplands [31] , and wetlands [32] . Other studies have focused on the entire study area without consideration of different land coverages [33, 34] .
In recent years, some scholars have begun to study the changes in NDVI for different land use [35, 36] and vegetation types [7, 25, 37] in some regions. Most studies focus on only land-use type changes or NDVI changes for an entire region without considering the effects of land-use type changes. This methodology can cause significant errors or deviations in the analysis of climate-based driving forces, especially in regions that have obvious land-use type changes [38] . Therefore, to provide a more accurate analysis, NDVI analyses should exclude transformed land-use areas. In addition, a comprehensive analysis, including driving forces analysis of both land-use type changes and land-cover changes, remains necessary.
Since the reform and opening up of policies proposed in 1978, China has been under continuous economic development and urbanization and is undergoing increasingly significant landscape changes [39, 40] , especially in coastal regions [41] [42] [43] . As China's most developed coastal region, Jiangsu Province possesses a strong economy and LUCC is undergoing constant and substantial changes that have caused many environmental problems [3, 44] . Jiangsu Province is within a transitional climate zone of warm temperate and subtropical climate zones and has diverse vegetation types, especially large areas of paddy land. In addition, land use in Jiangsu often has marine characteristics, such as saline vegetation [45] and salt pans distributed along the coastline [42] . The few previous related studies in this region were mainly carried out from the aspect of completing a driving forces analysis for only land-use type changes [44] or for analyzing NDVI changes in the whole area without the exclusion of transformed land areas, and without consideration of different vegetation types [46] .
Since 2006, most coastal provinces in China have drawn up their coastal development plans and have had them approved by the Chinese government. Jiangsu Province enacted its development plan in 2009 [42] and is facing a greater challenge to solve the contradiction between social-economic development and environmental protection. Therefore, a further comprehensive study in this region is necessary and meaningful, as it would reveal the main driving forces of LUCC and guide land managers and the government to create more effective land-use policies and strategies.
Thus, our study attempts to fill in the current gaps of knowledge and has the following objectives: (1) show the LUCC characteristics both spatially and temporally; (2) determine the main land-use conflicts between economic development and environmental protection; and (3) help to determine the main driving forces for LUCC and propose relevant sustainable land-use strategies. This research considers the intersected physical and anthropogenic effects on LUCC since such comprehensive analysis is still lacking. This research has been performed at high resolution, with 30 m grid land use map and 500 m grid NDVI images. The NDVI changes analysis has been based on detailed vegetation types and the land-cover changes analysis excludes the effects from land-use changes. A research framework design such as this greatly improves the accuracy of the analysis, which can provide a technical reference for this research field. In addition, the land-use strategies proposed for Jiangsu are applicable to other regions facing the same LUCC problems in China and abroad.
Data and Methodology

Study Area
Jiangsu Province is located in eastern China, facing the Yellow Sea, within the longitudes of 116 • 18 E-121 • 57 E and the latitudes of 30 • 45 N-35 • 20 N (Figure 1 ). The economy in Jiangsu is considered strong within China, both historically and currently, and the gross domestic product (GDP) per capita is larger than that in the other provinces in China [47] . The annual temperature range is Sustainability 2019, 11, 2370 3 of 16 13.6-16.1 • C, and the annual cumulative rainfall is approximately 1000 mm. A total of 85% of the terrain is plains with diverse vegetation types, and the natural vegetation includes evergreen coniferous forests, evergreen and deciduous broad-leaved forests, bamboo forests, grassland, and coastal saline vegetation, but these account for only 6% of the total regional area. There is a large area of crop vegetation covered in paddy fields and dry croplands, accounting for more than 80% of the entire regional area.
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Data Sources
Land-use maps with a spatial resolution of 30 m were created from the Landsat data (TM/ETM+), with time series of 1995, 2000, 2005, 2010, and 2015. The land-use classifications included 6 first-level classifications and 25 second-level classifications [48] . These data are provided by the Institute of Geographic Sciences and Natural Resources Research. The comprehensive valuation accuracy of the first level of land use was >93%, and that of the second level was >90% [49] . The statistical data of land-use structure from 1995-2015 were provided by the Land and Resources Department of Jiangsu Province. The climate data from 13 meteorological stations were obtained from the China meteorological data network (http://data.cma.gov.cn/). The 500 m MODIS sensor NDVI data from 2000-2015 were provided by the International Scientific & Technical Data Mirror Site, Computer Network Information Center, Chinese Academy of Sciences (http://www.gscloud.cn), with all original data from the TERRA satellite. The digital vegetation types map was obtained from the Atlas of Jiangsu Province at a scale of 1:2,000,000 [50] . Population change and economic development were acknowledged as the main land-use change drivers [44] , which were obtained from the "Jiangsu Statistical Yearbook".
Methods
Land-Use Type Changes and Driving Forces Analysis
Physical conditions in Jiangsu Province are usually stable, while experiencing a variety of socialeconomic changes. Therefore, the social-economic driving factors may suitably explain land-use type changes [44] . Overall, quantitative analysis was performed for the following land-use types that Y . Finally, the following driving factors were selected and assigned to the three [50] . Population change and economic development were acknowledged as the main land-use change drivers [44] , which were obtained from the "Jiangsu Statistical Yearbook".
Methods
Land-Use Type Changes and Driving Forces Analysis
Physical conditions in Jiangsu Province are usually stable, while experiencing a variety of social-economic changes. Therefore, the social-economic driving factors may suitably explain land-use type changes [44] . Overall, quantitative analysis was performed for the following land-use types that presented obvious changes in linear trends: cropland Y 1 , residential and industrial land Y 2 , and transportation land Y 3 . Finally, the following driving factors were selected and assigned to the three land-use types: GDP X 1 , fixed-asset investment X 2 , urbanization rate X 3 , total population X 4 , Sustainability 2019, 11, 2370 4 of 16 urban population X 5 , rural population X 6 , urban per capita housing area X 7 , rural per capita housing area X 8 , annual passenger capacity X 9 , and annual cargo capacity X 10 . When the driving factors were selected and assigned to the different land-use types, the actual impact relationships were seriously considered. For example, we consider X 1 , X 2 and X 3 to represent the economic and urbanization levels, and therefore, these variables exhibit a significant influence on the changes in all land-use types; X 4 was assigned to Y 2 because Y 2 includes both urban residential land and rural residential land, and we consider that X 4 alone can suitably explain the influence of population on Y 2 . Therefore, X 5 and X 6 were not used to avoid repetitive analyses. For cropland, we believe that urban population and rural population should be discussed separately to provide a more accurate analysis (Table 1) . Using SPSS software, correlation analyses and multivariate models were applied to analyze the relationships between land-use type changes and various variables. The modelling steps were as follows: (1) Perform a correlation analysis. (2) Carry out a multicollinearity diagnosis on the independent variables of the main factor according to the correlation analysis results. If there is no multicollinearity between the driving factors, use the multivariate linear regression model to perform the analysis. (3) If there is multicollinearity between the driving factors, use the ridge trace to calculate the value of parameter k, establish a ridge regression model and perform the regression analyses [51] .
The areas of woodlands, grasslands, and water were relatively small, and the linear change effects were not obvious. Although these area changes were also affected by social-economic forces, land-use policy had a much more obvious influence on their area changes. Therefore, we did not perform a quantitative analysis but discussed land-use policy qualitatively in further detail in the discussion.
NDVI, Climate Change, and Their Relationship
We performed an annual analysis of land-cover and climate change. The Kriging method was employed using ArcGIS 10.2, and annual precipitation and temperature maps were produced that cover the entire area of Jiangsu Province. Areas that had land-use type changes were removed to reduce deviation in the accuracy of the analyses. A simple linear slope analysis model was used to analyze the changing trends from 2000 to 2015 for each map [52, 53] via Equation (1). In addition, for the relationship between NDVI and climate change, Pearson's correlations for NDVI and temperature, and NDVI and precipitation were analyzed, and two-tailed P-values were used to determine the significance for each relationship. The calculations of slope and Pearson's correlations were completed using coded programming in the MATLAB software.
where slope is the NDVI changing trend, n is the number of studied time intervals (years), NDVI i is the annual NDVI for year i, and slope > 0 and slope < 0 represent increasing and decreasing tendencies of NDVI, respectively. To check the validity of the model, a p-test was used, and the tendencies were classified into 5 categories: highly significant (−) (slope < 0 and P < 0.01), significant (−) (slope < 0 and 0.01 ≤ P < 0.05), no significant change (P ≥ 0.05), significant (+) (slope > 0 and 0.01 ≤ P < 0.05), and highly significant (+) (slope > 0 and P < 0.01). Additionally, the same method was used to analyze the annual slopes of precipitation and temperature.
Results
Spatiotemporal Land-Use Changes
As shown in Table 2 , from 1995-2015, the most prevalent land-use type was paddy fields, accounting for approximately 40% of the entire area. The second largest land-use type during this period was dry croplands, with the percentage decreasing from 25% to 24%. The area of paddy fields decreased continuously, with the area decreasing by 612. Land transformation analysis (Table 3) shows that 6.14% of land areas experienced a land-use type change from 1995-2015. A total of 3357.91 km 2 of paddy fields were converted to built-up lands, accounting for 84.1% of the entire area transformed from paddy fields. Water areas were the second most abundant land-use type converted from paddy fields, but this area was much smaller than the area transformed to built-up land. For dry croplands, an area of 934.46 km 2 was converted to built-up lands, and dry croplands contributed to the second highest transformation to water areas of 101.37 km 2 . The area transformed to woodlands was only 107.93 km 2 and was mainly transformed from built-up lands. A total of 30.8% of grasslands, which is an area of 541.79 km 2 , was transformed, including transformation of 293.08 km 2 to water areas and 113.07 km 2 to built-up lands. Water area was mainly converted to built-up lands and grasslands, with areas of 215.47 km 2 and 203.42 km 2 , respectively. Built-up lands were also converted to other land-use types, with the total area being 978.68 km 2 , and dry cropland was the main land-use type transformed to built-up lands, followed by grasslands and water areas.
A total of 93.86% of land in Jiangsu exhibited the same land-use types in 2015 to those in 1995. The largest areas of the remaining paddy field were located across the entire province, especially in the central and southern areas. The unchanged dry cropland (i.e., cropland with no land-use type changes from 1995 to 2015) was mainly distributed in the north and east along the coastline. Woodland distribution appeared to be more obvious in the southwest and north. Grasslands were distributed along rivers and coastlines. However, for built-up land, it was more concentrated in the south than in the north (Figure 2a) . Figure 2b shows that the converted land was distributed across the whole province, especially in the southern part and the regions near the coastal line. The transformed land in the south appears more intensive and concentrated, where the conversion of paddy fields to built-up land was mainly distributed. The transformation area of the coastline region was much larger than that of the land blocks because transformation from grasslands mainly occurred at the coastline region. The midwest area also showed a large intensive and concentrated transformation, with conversion from dry croplands to woodlands, and the northern area displayed more transformation from dry croplands than the southern area. The conversion from woodlands was mainly distributed in the south-western and northern areas of Jiangsu, while water area conversion was distributed across the whole study area. Conversion of built-up lands to other land-use types was distributed more substantially in the north. A total of 93.86% of land in Jiangsu exhibited the same land-use types in 2015 to those in 1995. The largest areas of the remaining paddy field were located across the entire province, especially in the central and southern areas. The unchanged dry cropland (i.e., cropland with no land-use type changes from 1995 to 2015) was mainly distributed in the north and east along the coastline. Woodland distribution appeared to be more obvious in the southwest and north. Grasslands were distributed along rivers and coastlines. However, for built-up land, it was more concentrated in the south than in the north (Figure 2a ). Figure 2b shows that the converted land was distributed across the whole province, especially in the southern part and the regions near the coastal line. The transformed land in the south appears more intensive and concentrated, where the conversion of paddy fields to built-up land was mainly distributed. The transformation area of the coastline region was much larger than that of the land blocks because transformation from grasslands mainly occurred at the coastline region. The midwest area also showed a large intensive and concentrated transformation, with conversion from dry croplands to woodlands, and the northern area displayed more transformation from dry croplands than the southern area. The conversion from woodlands was mainly distributed in the south-western and northern areas of Jiangsu, while water area conversion was distributed across the whole study area. Conversion of built-up lands to other landuse types was distributed more substantially in the north. Figure 2b , the numbers 1-7 represent paddy fields, dry croplands, woodlands, grasslands, water In Figure 2b , the numbers 1-7 represent paddy fields, dry croplands, woodlands, grasslands, water areas, built-up lands, and unused lands, respectively. Code "12" in Figure 2b represents the transfer of paddy field to dry cropland, et cetera.
Driving Forces of Land-Use Changes
Correlation analysis (Table 4) shows that X 1 -X 3 , X 5 , X 7 , and X 8 are all negatively correlated with cropland area change (Y 1 ), all passed the significance test (P < 0.01), and all exhibited absolute values Sustainability 2019, 11, 2370 7 of 16 of correlation coefficients higher than 0.9, except for X 2 (−0.895). In contrast, for rural populations (X 6 ), these changes correlated positively with cropland area changes. Residential and industrial land (Y 2 ) and transportation land (Y 3 ) all correlated significantly and positively with their driving forces at a level of P < 0.01 and with high positive correlation coefficients. These results indicate that the social-economic driving forces we selected can suitably explain the decrease in cropland and the increase in built-up land. According to the correlation analyses, an obvious multicolinearity was observed among the selected driving factors. Therefore, a ridge regression model was used to eliminate multicolinearity and establish linear regression models for each land-use type and their driving forces. Due to nonlinear changes in grasslands, we did not establish a linear regression model for this land-use type change. We found that the established regression model for croplands (Y 1 ), residential and industrial lands (Y 2 ), and transportation lands (Y 3 ) can suitably describe the relationship between land-use area changes and driving forces, with R 2 values of 0.897, 0.955, and 0.926, respectively, which were all significant at a level of P < 0.01. 
Spatiotemporal Land-Cover Changes and Climate Change
As shown in Figure 3a ,b, from 2000 to 2015, mean annual NDVI changing trends varied between −0.0486 and 0.0529 among grids, and the mean value for all changes increased by 0.005 annually with a standard deviation of 0.0068. The area of the map with a decreasing trend accounted for only 17.57% of the whole vegetated area, with more area being distributed in the middle and south of Jiangsu Province. The highly significant decreasing and significant decreasing areas accounted for only 1.31% and 1.41% of the entire map, respectively. For the areas exhibiting increasing trends, highly significant, significant, and nonsignificant increases accounted for 26.05%, 15.15%, and 41.23% of the entire vegetated area. Highly significant increasing areas were mainly distributed in the north and northwest of Jiangsu Province, with significant and nonsignificant increasing areas being scattered across the entirety of Jiangsu. For the mean annual changing trend of precipitation and temperature (Figure 3c,d) , none of the changing trends passed the significance test. Annual mean precipitation and temperature increased 4.76 mm and 0.009 • C per year, with standard deviations of 5.1 mm and 0.022 • C, respectively. Precipitation presented an increasingly dominant trend, the areas with increasing trends accounted for 87.65% of the entirety of Jiangsu Province, and the small amount of area with decreasing trends was located in only the northwest and southeast corners. For temperature, the area with decreasing trends accounted for 37.23% of the whole area, much larger than that of precipitation, and presented a wider distribution in the middle of Jiangsu. Figure 4 presents the overall annual changes in NDVI, precipitation, and temperature for different vegetation types. The figure illustrates that the annual NDVI of dry croplands, paddy fields, forests, and grasslands all presented significantly increasing trends from 2000 to 2015, and all had P-values that passed the 0.05 significance test. Dry croplands, forests, and grasslands all passed the 0.01 significance , where the NDVI increasing trends are significant at the 99% and 95% confidence levels, the nonsignificant increasing and decreasing, and NDVI decreasing trends are significant at the 99% and 95% confidence levels, respectively. , where the NDVI increasing trends are significant at the 99% and 95% confidence levels, the nonsignificant increasing and decreasing, and NDVI decreasing trends are significant at the 99% and 95% confidence levels, respectively. 
Correlation Between Climate Change and NDVI
Statistically, both precipitation and temperature showed predominantly positive correlations (R) with NDVI for the whole area without land-use type changes (Figure 5a,c) . The positively correlated areas accounted for 54.31% and 72.26% of the whole area and mean correlation coefficient values (R) 
Statistically, both precipitation and temperature showed predominantly positive correlations (R) with NDVI for the whole area without land-use type changes (Figure 5a,c) . The positively correlated areas accounted for 54.31% and 72.26% of the whole area and mean correlation coefficient values (R) of 0.028 and 0.147 for precipitation and temperature, respectively. All the negatively correlated areas presented mean R values of −0.22 and −0.17 for precipitation and temperature, respectively, while all positively correlated areas presented mean R values of 0.24 and 0.27, respectively. The P-value tests indicated only a small percentage of the areas passed the P > 0.05 significance test for both negative and positive correlations of both precipitation and temperature (Figure 5b,d) . The negative and positive nonsignificant areas accounted for 44.36% and 51.35% of the whole area for correlations between precipitation and NDVI, and those percentages were 27.63% and 69.18% for correlations between temperature and NDVI. Spatial analyses show that the negative correlations between precipitation and NDVI were mainly distributed in the central and northwestern parts of Jiangsu, while the positive correlations were distributed in the south and north. The areas of negative correlation between temperature and NDVI significantly decreased compared to precipitation, which were still mainly present in central Jiangsu and presented a dispersed distribution among the positive correlations of NDVI in south Jiangsu. The positive correlation showed a wide distribution across Jiangsu, especially in the north, where there was a denser distribution.
only a small percentage of the areas passed the P > 0.05 significance test for both negative and positive correlations of both precipitation and temperature (Figure 5b,d) . The negative and positive nonsignificant areas accounted for 44.36% and 51.35% of the whole area for correlations between precipitation and NDVI, and those percentages were 27.63% and 69.18% for correlations between temperature and NDVI. Spatial analyses show that the negative correlations between precipitation and NDVI were mainly distributed in the central and northwestern parts of Jiangsu, while the positive correlations were distributed in the south and north. The areas of negative correlation between temperature and NDVI significantly decreased compared to precipitation, which were still mainly present in central Jiangsu and presented a dispersed distribution among the positive correlations of NDVI in south Jiangsu. The positive correlation showed a wide distribution across Jiangsu, especially in the north, where there was a denser distribution. (d) , where the positive correlations between NDVI and precipitation and temperature are significant at the 99% and 95% confidence levels, and the nonsignificant positive and negative correlations, and the negative correlations are significant at the 99% and 95% confidence levels, respectively. , where the positive correlations between NDVI and precipitation and temperature are significant at the 99% and 95% confidence levels, and the nonsignificant positive and negative correlations, and the negative correlations are significant at the 99% and 95% confidence levels, respectively. Table 5 shows the overall correlations coefficients for different vegetation types, which indicates that temperature is more strongly correlated to NDVI than precipitation for most vegetation types, although the values are not all high. The percentage of the area with positive correlations accounted for approximately 70% of all paddies and grasslands, and approximately 80% of dry croplands and forests. For precipitation, the percentages of the positive areas all substantially decreased except for forests. Paddy fields presented similar percentage values for both the positive and negative correlations, which leads to a weak correlation coefficient of -0.005 between NDVI and precipitation. "+" and "−" represent positive and negative correlations, respectively.
Discussion
During rapid economic development and urbanization, LUCC in China is rather substantial and accelerates with variable rates, especially for built-up land in coastal regions [41] [42] [43] . The LUCC can greatly reflect natural environmental changes, human lives, and social development [54] . Driving force analysis may help to predict land-use changes in the future and help to assign land-use control to aspects that control the driving factors. This analysis also clearly shows how land-cover responds to climate change under global warming.
Jiangsu Province benefits from China's highest level of economy but bears China's most substantial land-use changes and faces high pressures due to conflicts between economic-social development and the ecological environment. Thus, LUCC and driving forces analysis in this type of area is very necessary and meaningful. As compared with previous studies, our study is the first to comprehensively analyze both land-use type changes and land-cover changes in Jiangsu. With the support of a strong dataset to perform a detailed analysis, the land-use change analysis not only presented the spatial distribution but also included yearly statistical data to enable us to build correlations and regression analyses with driving forces. Furthermore, more land-use types were chosen during the relationship analysis in this study as compared with previous studies [44] . For land-cover changes, we excluded land area with land-use type changes, as these can reduce errors when examining the effect of climate change on NDVI. Moreover, NDVI and climate change analysis has only recently been carried out for all of the Jiangsu vegetation without the consideration of different vegetation types and has generally only been analyzed in temporal series, with no spatial distribution analysis [46] . Our study not only analyzed different vegetation types but also performed change analyses and correlation analyses in spatial. Therefore, our study made many improvements and presents a more accurate analysis result to guide land-use management.
Built-up land expansion is the main form of land-use change in Jiangsu Province and is very common in China [38] since the country is undergoing rapid urbanization. However, land-use change in China is quite different from that in some developed countries, such as in Europe [55, 56] , USA [57] , and Australia [58] , which have already completed the urbanization process. Because Jiangsu is located in a region with high population and economic levels, land-use transformation was more obvious in Jiangsu than in undeveloped regions of China, such as the northwest inland region [41] . Built-up land occupying cropland is the main land-use type change characteristic of Jiangsu, which has been caused mainly by social-economic development and is consistent with previous studies about land-use change in Jiangsu [44, 47] . From 1995 to 2010, the population increased to 803 × 10 4 , and the urbanization rate in Jiangsu increased from 27.3% to 60.6%. In order to accommodate more people living in urban areas and under the influence of high economic levels promoted by the real estate market [54] , urban areas rapidly expanded during this period. Although the population in rural areas greatly decreased, the consolidation of idle rural residential land may take a long time [42] . Since cropland accounted for more than 80% of the Jiangsu area with a wide distribution across Jiangsu, the expansion of built-up lands will surely occupy a large area of cropland. The spatial distribution of land transfer in Figure 2 demonstrates our conclusion that social-economic development is the main driver of land-use type changes. Economic levels in Jiangsu presented a characteristic increase from north to south, and according to our analysis, land-use changes presented the same regular patterns, in other words, land transfers were denser in the south.
Previous studies have shown that land-use policy may significantly affect certain land-use changes [43, 59] , which was also reflected in our study. For example, land-use changes were denser in coastal regions, which may be affected by the coastal development policy in China, and land use may be under higher pressure to change in the future since Jiangsu Province enacted a new coastal development plan in 2009 [42] . According to our land-use data, some land area presented irregular changes and did not show obvious responses to social-economic driving forces. For example, water area is the only ecological land-use type to present an increasing trend, which was most obvious from 2000 to 2005 due to the development of aquaculture, as many land areas have been converted to fish ponds [60] . Although grassland presented a decreasing trend, the 2020 targeted coastal land-use plan made by the Jiangsu government plans to plant 333 km 2 of grass areas in coastal Jiangsu [42] . Jiangsu's total area is increasing as a result of natural sedimentation and also due to the impact of the tideland reclamation policy which has had an important effect on accelerating the increase in total land area [3, 60] . Therefore, the effects from land-use policy greatly affect land-use type change.
Land-cover change analysis showed NDVI for the whole Jiangsu area experienced an increasing dominant change, which is consistent with the only study about NDVI in Jiangsu that showed that even cites has a similar increasing rate of 0.005 per year [46] . Correlation analysis shows that the response of NDVI to the variation in temperature was more pronounced overall than that in precipitation, and the same conclusion can be found from a previous study on eastern China, including Jiangsu Province [33] . A proportion of 45.69% of the NDVI negatively correlated with precipitation because Jiangsu has high precipitation rates. Moderate precipitation is essential to promote vegetation growth, but excessive precipitation can cause other determinant changes that can greatly affect vegetation growth. For example, excessive water input builds an anaerobic environment within the root zone [61, 62] , which decreases soil nutrients [63] and prevent vegetation growth. Rainfall can increase cloud cover and thus lead to less solar radiation, which is essential for vegetation growth [29, 64] . The temperature conditions also need to be moderate, as high temperature accelerates evapotranspiration which causes water deficiency, and hence decreases ecosystem productivity [65, 66] . For NDVI, the negative correlation coefficients of temperature are higher than that of precipitation, which indicates that, overall, temperature, as compared with precipitation, is a more essential factor for vegetation growth in Jiangsu.
North Jiangsu presented a substantial NDVI values increase, which can be explained by the lower precipitation and temperature conditions in the north as compared with other regions; increased precipitation and temperature in the north can promote vegetation growth, which is more substantial for precipitation (Figure 5a,b) . In central Jiangsu, precipitation increased while temperature decreased, which caused NDVI values to show a weak change, including both increasing and decreasing trends. In the south, precipitation and temperature generally both increased, and positive correlations between precipitation and NDVI, and also between temperature and NDVI were both widespread. However, negative correlations showed an interacting distribution among the positive correlations. This finding occurred because, as compared with the northern and central areas, the southern area has higher precipitation and temperature level, and the hydrothermal condition may be excessive for some vegetated areas.
The analysis of different vegetation types shows that the requirement of temperature conditions for paddy fields may not be as important as it is for the other three vegetation types, and with respect to the precipitation over the paddy fields, irrigation may offset the effect of precipitation on vegetation growth to some extent. Increases in both precipitation and temperature increase forest NDVI values for most forest areas, which is determined partly by vegetation properties and partly because forests are mainly distributed in the north, which has relatively lower precipitation and temperature conditions. Although many improvements were made in this study as compared with previous studies, some uncertainties and shortcomings are inevitable and exist in our study. For the NDVI data, the MODIS sensor was launched in December 1999, and to match the land-use images and exclude the transferred land areas, a time period from 2000 to 2015 may be too short, which may be a limitation that could influence the accuracy of our analysis. For spatial precision in our study, the precipitation and temperature maps interpolated based on 13 meteorological stations which may not be sufficient and may have led to errors. In addition, NDVI change and responses to climate change are complex processes, and precipitation and temperature can influence NDVI to produce a comprehensive assessment of vegetation growth [64] . In addition, there are many other climate variables that can affect NDVI, for example, humidity has been reported to have a much stronger negative effect on annual NDVI change than both precipitation and temperature in Jiangsu [46] . Therefore, to increase accuracy, more climate variables need to be included, and the interaction effect among different climate variables should be analyzed in future studies. 
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